
pr^X WORLD INTOLUSCIUAL PROPERTY ORGANIZATION 

International Bureau 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classafication 6 • 

GOIR 29/08, H04B 1/38, HOIQ 1/24 



Al 



(11) International Publication Number: WO 95/03549 

(43) International Poblication Date: 2 February 1995 (02.02.95) 



(21) International Application Number: FCT/US94/0$435 

(22) Intmational Filing Date: 26 July 1994 (26.07.94) 



(30) Priority Data: 
096,495 



26 July 1993 (26.07.93) 



US 



(71) Applicant: QUALCOMM INCX)RPORATED [USAJSJ; 6455 

Lo^ Boulevard, San Diego, CA 92121 (US). 

(72) Inventm: CARTER, Steve; 8235 Hydra Lane, San Diego, OA 

92126 (US). GILHOUSEN. Klein, S.; 6474 Jackson Creek 
Road, Bozeman, MT 59715 (US). 

(74) Agent: MILLER, Russell, B.; Qoalcomm lacorpaiated, 6455 
Lu^ Boulevard, San Diego, C:A 92121 (US). 



(81) Des^ted States: AU, BG. BR, BY, CA, CZ, FI, GE, 
HU, JP, KG, KP, KR, KZ, LV, MD, NO, PL. RO, RU. SI, 
SK, TJ, UA, UZ, VN, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, FT, LU, MC, NL, FT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) THle: METHOD AND APPARATUS FOR CONTROLLING THE EXPOSURE TO RF TRANSMISSIONS 
(57) Abstract 



11 



A method and apparatus for monitoring and controlling 
the exposure of a user (3) of a handheld portable comrDuni- 
cation device (2) to RF emissions &om the device antemia 
(1). The total energy transmitted in a predetermined window 
of time is continuously monitored by the device (2). Should 
the accumulated transmitted energy exceed a predetermined 
threshold, measures are taken by the device (2) to control 
user e^>osure to the RF emissions from the device antenna 
(1). 
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METHOD AND APPARATUS FOR CONTROLLING THE 
EXPOSURE TO RF TRANSMISSIONS 

BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The present invention relates to communication systems where the 
anterma radiation is in close proximity to the user. More particularly, the 
10 present invention relates to a novel and improved method and apparatus 
for monitoring RF exposure levels associated with the use of handheld 
transmitters and providing response measures when the exposure to the RF 
transmissions exceeds a predetermined threshold value. 



15 II. Description of the Related Art 

It is frequently desirable to have self contained handheld personal 
commimications uruts for their convergence and mobility. These features 
have given rise to an enormous demand for the hand held imits. In 
20 response to the demand, industry has desired to place in effect a series of 
precautionary measures to morutor and control the user's RF exposure, 

SUMMARY OF THE INVENTION 

25 The present invention is a novel and improved method and 

apparatus for controlling user RF exposure levels. In accordance with the 
present invention the total amount of energy transmitted is measured until 
a predetermined exposure level within a fixed time period is reached at 
which time an automated sequence of preventative measures commences. 

30 The transmission circuitry of a handheld telephone is comprised 

essentially of an antenna and a power amplifier coupled to the anterma. In 
general the power amplifier is responsive to a power level request signal 
that determines the transmission power from the antenna. 

In present invention the transmission energy is monitored 

35 throughout the telephone operation, either by monitoring the power level 
request signal or by monitoring the output of the power amplifier. The 
amount of transmitted energy in a fixed period of time is accumulated by an 
integrator, which may take the form of a leaky integrator or a sliding 
window accumulator depending on if the moitored signal is in an analog or 

40 digital format. This accumulated value of transmitted energy is compared 
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to a predetermined threshold. When the accumulated value exceeds the 
predetermined threshold a signal is sent to a hazard control processor and 
precautionary steps are actuated. 

In a more elegant implementation of the present invention the 
5 accumulated transmission energy is compared against an intermediate level 
or a series of intermediate levels after the accumulated energy exceeds each 
of said intermediate thresholds new precautionary steps are taken until the 
transmission power is reduced or until a final threshold is surpassed at 
which time the transmit power is reduced or eliminated. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
15 taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

Figure 1 is an illustration of the RF exposure associated with the use 
of portable communications devices; 

Figure 2 is a flowchart of the steps of the RF exposure monitor and 
20 control system; and 

Figure 3 is an exemplary embodiment of the RF exposure monitor 
and control apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

Referring now to the drawings. Figure 1 illustrates the RF exposure 
associated with the use of portable personal communication devices, such as 
cellular telephones or similar devices. The proximity of the antenna 1 of 
30 the portable phone 2 to the users body 3 is of interest. The electromagnetic 
energy 4 emanating from antenna 1 of phone 2 are the source of interest 
The control and monitoring of RF exposure is the objective of the present 
invention. 

In portable communication devices, transmitter power is increased 
35 and decreased to maintain a quality communication link. In a fading 
environment or in the situation in which the transmission path is 
obstructed, the portable communication device increases transmission 
power to maintain link quality. The level of transmission energy and the 
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changes thereto should be monitored. Therefore proper control processes 
and circuitry are needed to limit the RF exposure level. 

Figxire 2 illustrates a flowchart of the steps involved in controlling 
the exposure levels of RF transmissions of the present invention. The 
5 accumulated energy is obtained, block 11, and compared against a current 
energy threshold, block 12. If in block 12 the accumulated energy value is 
determined to be less than the current threshold, the system checks if the 
threshold value is set to its minimum value, block 13. If in block 13 the 
threshold value is determined not to be at its minimum value, the 

10 threshold value is decreased by a predetermined decrement, block 14. 

If in block 12 the current energy threshold is determined to be 
exceeded, a check is made to determine if the threshold is an intermediate 
threshold or the maximum threshold, block 15. If in block 15 the threshold 
is determined to be an intermediate threshold the following precautionary 

15 steps are actuated. The user is notified, block 16, and the energy threshold 
value is increased to a greater value, block 17. 

The above described procedure continues until such time that the 
threshold value is determined to no longer be an intermediate value, but 
rather a maximum value in block 15 that will not be increased. At this time 

20 the user is notified, block 18, and the radiated power is reduced or 
eliminated block 19. 

Figure 3 illustrates an exemplary embodiment of the present 
invention in a communications device. Power level requests which control 
transmission power are processed through an RF Exposure Control 

25 Processor 20 before being passed on to the power amplifier 21 as a Power 
Level Request' signal. The power amplifier 21, is responsive to the Power 
Level Request' signal for amplifying the input information signal to 
provide a transmission signal at a predetermined transmission power level 
to antenna 22. The information signal may be in either analog or digital 

30 format. The input information signal might be in analog or digital form 
and modulated for transmission using TDMA, CDMA, FM or any other 
modulation scheme well known in the art. 

In satellite based portable telephone systems, the typical transmission 
frequencies are in the range of approximately 1610 - 1626.5 MHz. These 

35 telephones are designed to operate in the power range between lOOmW and 
IW. It should be noted the present invention is equally applicable to any 
transmission frequency or power range of either satellite or terrestrial based 
communication system. 
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In a preferred embodiment an integrator 13 taps off of the Power 
Level Request Signal from RF Exposure Control Processor 20. In an 
alternative embodiment the integrator could tap off the output of the power 
amplifier for its measurement of transmitted energy (as illustrated by the 
5 dashed line in Figure 3). The integrator can be in the form of a leaky 
integrator if the power request signal is analog in nature or a sliding 
window accumulator if the power request signal is digital in nature. The 
transmitted energy is ideally calculated using the formulas: 

t+At 

10 Et= |Power(t)dt (1) 

where Et is the transmitted energy and Power(t) is the transmission 
power as a function of time, or 

mm 

Et = 51 Power(i)« At (2) 
i=n 

15 where Et is the transmitted energy and Power(i) is the transmission 

power as a function of sample number. 

The computation of equation 1 can be accomplished using an analog 
integrator, as is well known in the art, and the computation of equation 2 

20 can be accomplished using digital accumulating circuitry which is also well 
known in the art. There are simplified implementations that approximate 
the functions of in Equations 1 and 2. For example, a simple RC network 
can approximate the analog integral of Equation 1. The integration or 
summation period used in the exemplary embodiment may be 6 minutes, 

25 or any other selected time period. The period of integration is a 
programmable quantity and can be varied to conform to local laws or 
differing needs. 

In addition, the integration need not be a linear process. Instead, the 
rate of accumulation or integration may be weighted based on the 

30 characteristics of the RF transmission at any given time. At the present, it is 
commonly believed that the significance of the radiation exposure is simply 
proportional to the total amount of accumulated exposure. However, it is 
envisioned in the present invention that should an alternative model 
wherein the characteristics of the RF transmissions are of interest to the 

35 user, the integration can be weighted in accordance with these 
characteristics. Characteristics that could be taken into effect and be 
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weighted accordingly may include the frequency of the electromagnetic 
radiation, the intensity of the radiation, or any other measureable 
characteristic of the radiation. 

The transmitted energy (Et) is compared against the current threshold 
5 value (T) provided by RF Exposure Control Processor 20, by means of a 
comparator 24. In the exemplary embodiment, the current threshold value 
is stored within a ROM or RAM memory storage device associated with the 
RF Exposure Control Processor 20. The threshold values are also 
programmable and can be varied to conform to local laws or differing needs. 

10 A suggested maximum exposure threshold might be 180 Joules of 
transmitted energy in a 6 minute period. So in the exemplary embodiment 
an initial threshold might be set at 90 Joules of transmitted energy in a 6 
minute period. If the initial threshold, as supplied by RF Exposure Control 
Processor 20, is exceeded then comparator 24 sends the Threshold Exceeded 

15 signal back to RF Exposure Control Processor 20. 

At this point the RF Exposure Control Processor 20 sends out a 
Control Notification signal that makes the user aware of the condition. For 
example in response to the Control Notification Signal, the 
communications device may provide either or both an audio or visual 

20 warning. The visual alert for example may take the form of a script 
warning on a digital display on the communications device or an 
illumination of an indicator lamp. The user in response to the warning can 
take measures to reduce the needed transmission energy by reducing the in 
path interference. The RF Exposure Control Processor 20 then increases the 

25 threshold value and allows the user to continue operation. 

The process of increasing the threshold values continues until at 
some point the threshold value has reached its maximtun value, at which 
time the RF Exposure Control Processor 20 modifies the Power Level 
Request signal to reduce or eliminate the transmission radiation. If, on the 

30 other hand, the accumulated value is less than the current threshold value 
for a predetermined period of time the threshold is reduced. The process of 
reducing the threshold value continues until the threshold value is reduced 
to its minimum value. 

An optional feature which may be added to the present invention is a 

35 system override subsystem. As illustrated in Figure 3, a override signal can 
be provided to the RF Exposure Control Processor 20 by the user in cases 
where it is necessary to maintain the high transmission power. The 
override subsytem of RF Exposure Control Processor 20 would in response 
to the override signal inactivate the hazard control processor and allow the 
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power request signal to pass through RF Exposure Control Processor 20 
unaltered. A subsystem of this type could, for example, be invoked under 
emergency circumstances that dictate that a transmission must get out. The 
design of such override systems are well known in the art. 
5 Although in the diagrams and in the text the system has been 

illustrated as an autonomous system controlled by its own processor, the 
present invention can reside partiaUy or entirely in the existing processing 
elements of the portable commimications device. 

The previous description of the preferred embodiments is provided 

10 to enable any person skilled in the art to make or use the present invention. 
The various modifications to these embodiments will be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 
Thus, the present invention is not intended to be limited to the 

15 embodiments shown herein but is to be accorded the widest scope consistent 
with the principles and novel features disclosed herein. 
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CLAIMS 



1. In a communications device having a transmitter and an 
2 antenna, a system for controUing the exposure level of RF transmissions 

comprising: 

4 means for determining the amount of energy transmitted by said 

antenna in a predetermined length of time to provide an accumulated 
6 energy value; 

comparison means for comparing said accumulated energy value 
8 against a threshold value to provide a comparison result signal; and 

response means responsive to said comparison result signal for, if 
10 said comparison result signal is indicative of said accumulated energy value 
exceeding said threshold value, providing a precautionary response 
12 indicative of a condition of high transmission radiation exposure. 

2. The apparatus of Claim 1 wherein said means for determining 
2 comprises a sliding window accumulator, 

3. The apparatus of Claim 1 wherein said means for determining 
2 comprises a leaky integrator, 

4. The apparatus of Claim 1 wherein said precautionary response 
2 comprises notifying the user of the condition. 

5. The apparatus of Claim 2 wherein said precautionary response 
2 comprises notifying the user of the condition. 

6. The apparatus of Claim 3 wherein said precautionary response 
2 comprises notifying the user of the condition. 



7. The apparatus of Claim 1 wherein said precautionary response 
2 comprises limiting the transmission power of said transmitter. 

8. The apparatus of Claim 2 wherein said precautionary response 
2 comprises limiting the transmission power of said transmitter. 

9. The apparatus of Claim 3 wherein said precautionary response 
2 comprises limiting the transmission power of said transmitter. 
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10. The apparatus of Claim 4 wherein said precautionary response 
2 further comprises limiting the transmission power of said transmitter. 

11. The apparatus of Claim 5 wherein said precautionary response 
2 further comprises limiting the transmission power of said transmitter. 

12. The apparatus of Claim 6 wherein said precautionary response 
2 further comprises Umiting the transmission power of said transmitter. 

13. The apparatus of Claim 1 wherein said response means is 
2 further for, when said comparison result signal is indicative of said 

accumulated energy value exceeding said threshold value, comparing said 
4 threshold value with a predetermined maximum threshold value, and if 

said threshold value is less than said maximum threshold value increasing 
6 said threshold value. 



14. The apparatus of Claim 13 wherein said response means is 
further for, when said comparison result signal is indicative of said 
accumulated energy value less than said threshold value, reducing said 
threshold value. 

15. The apparatus of Claim 13 wherein said response means is 
further for, when said comparison result signal is indicative of said 
accumulated energy value less than said threshold value, comparing said 
threshold value with a predetermined minimum threshold value, and 
reducing said threshold value only when said threshold value is greater 
than minimum threshold value. 



16. The apparatus of Claim 14 wherein said response means is 
2 further for reducing said threshold value only when said threshold value is 

greater than a minimum threshold value. 

17. In a handheld telephone having a transmitter and an antenna, 
2 a method for controlling the exposure levels of RF transmissions 

comprising: 

4 determining the amount of energy transmitted by said antenna in a 

predetermined length of time to provide an accumulated energy value; 

6 comparing said accumulated energy value against a predetermined 

threshold value; 
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8 providing a comparison result signal; and 

providing a precautionary response responsive to said comparison 
10 result signal, if said comparison result signal is indicative of said 
acciunulated energy value exceeding said threshold value. 

18. The method of Qaim 17 wherein said step of determining the 
2 amount of energy transmitted by said antenna comprises summing 

transmission power for a predetermined number of transmitted symbols. 

19. The method of Claim 17 wherein said step of determining the 
2 amount of energy transmitted by said antenna comprises integrating 

transmission power over a predetermined time interval. 

20. The method of Claim 17 wherein said step of providing a 
2 precautionary response comprises notifying the user of the condition. 

21. The method of Claim 18 wherein said step of providing a 
2 precautionary response comprises notifying the user of the condition. 

22. The method of Claim 19 wherein said step of providing a 
2 precautionary response comprises notifying the user of the condition. 

23. The method of Claim 17 wherein said step of providing a 
2 precautionary response comprises limiting the transmission power of said 

transmitter. 

24. The method of Claim 18 wherein said step of providing a 
2 precautionary response comprises limiting the transmission power of said 

transmitter. 

25. The method of Claim 19 wherein said step of providing a 
2 precautionary response comprises limiting the transmission power of said 

transmitter. 

26. The method of Claim 20 wherein said step of providing a 
2 precautionary response further comprises limiting the transmission power 

of said transmitter. 
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27. The method of Claim 21 wherein said step of providing a 
2 precautionary response further comprises limiting the transmission power 

of said transmitter. 

28. The method of Claim 22 wherein said precautionary response 
2 further comprises limiting the transmission power of said transmitter. 

29. The method of Claim 17 further comprising increasing said 
2 threshold responsive to said comparison resxilt signal, if said comparison 

result is indicative of said accumulated energy value exceeding said 
4 threshold value, 

30. The method of Claim 29 further comprising decreasing said 
2 threshold responsive to said comparison result signal, if said comparison 

result is indicative of said accumulated energy value less than said 
4 threshold value. 

31. The method of Claim 29 further comprising comparing said 
2 threshold value with a predetermined minimum threshold value, and 

reducing said threshold value only when said threshold value is greater 
4 than said minimum threshold value. 

32. The method of Claim 30 wherein said step of decreasing said 
2 threshold only when said threshold value is greater than a minimum 

threshold value. 

33. In a handheld communication device having a transmitter 
2 and an antenna, a circuit for controlling the exposure levels of RF 

transmissions comprising: 
4 an RF exposure control processor with two inputs, with a first input 

for receiving a power request signal, and having two outputs with a first 
6 output for providing an exposure threshold value and a second output for 

providing a modified power request signal; 
8 an amplifier having two inputs with a first input for receiving an 

information signal and a second input for receiving said modified power 
10 request signal and having an output for providing an amplified 

information signal; 

12 a leaky integrator having an input coupled to said modified power 

request signal and having an output; and 
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14 a comparator having two inputs and an output, with a first input 

coupled to the output of said leaky integrator, and a second input coupled to 

16 said first output of said hazard control processor and wherein said output is 
coupled to a second input of said hazard control processor. 

34. The circuit of Claim 33 wherein said hazard control processor 
2 further comprises a third output for providing a Control notification signal. 



35. In a handheld telephone having an antenna, a circuit for 
2 controlling the exposure levels of RF transmissions comprising: 

an RF exposure control processor with two inputs, with a first input 
4 for receiving a power request signal, and having two outputs with a first 
output for providing an exposure threshold value and a second output for 
6 providing a modified power request signal; 

an amplifier having two inputs with a first input for receiving an 
8 information signal and a second input for receiving said modified power 
request signal and having an output for providing an amplified 
10 information signal; 

a sliding window accumulator having an input coupled to said 
12 modified power request signal and having an output; and 

a comparator having two inputs and an output, with a first input 
14 coupled to the output of said leaky integrator, and a second input coupled to 
said first output of said hazard control processor and wherein said output is 
16 coupled to a second input of said hazard control processor. 



2 



36. The circuit of Claim 35 wherein said hazard control processor 
fxu-ther comprises a third output for providing a Control notification signal. 
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